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Space group P1;  Z=1

a=414Å, b=412Å, c=420Å, α=59o, β=59o, γ=64o
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pH 7.6

1 644

α (644 aa, 70kD)                   β (570 aa, 62kD) + γ (74 aa, 8kD)

Cleavage of capsid precursor alpha (1/2 life ~ 1 hour):

?

If cleavage is inhibited, is transition reversible?

Asn570 to Asp, Gln, or Thr

No Cleavage!

X



Characterization of NωV N570T particles.

Top Bottom

1    2    3    4    5    6    7     8

1. wt; pH 7.6

2. wt; pH 5.0

3. N570D; pH 7.6

4. N570D; pH 5.0

5. N570Q; pH 7.6

6. N570Q; pH 5.0

7. N570T; pH 7.6

8. N570T; pH 5.0
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Procapsid; 
pH 7.6

Uncleaved 
Capsid; pH 5.0

Cleaved Capsid; 
pH 5.0

Cleaved Capsid; 
pH 7.6
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c d
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Auto-catalytic Ligation  
in the dsDNA 
Bacteriophage 

HK97



Head

HK97 Negative Stain EM

Tail

3.5 Å x-ray map



HK97 Head II Structure Determination
Space Group P21

Lattice Constants  a=581Å, b=628Å, c= 789Å, β=89.9ο

Data Set Recorded on Bio Cars beam line 14BM-C   APS

������of Images Recorded (Mar 345)  760 (osc ang 0.25o)

Number of Reflections Measured  21,863,976

Number of Unique Reflections  4,800,765

Completeness of Data 90Å-3.4Å  63%

Minimum Partial Accepted  0.5

Rmerge  16%

MR Rfactor 32% (Real Space averaging and phase extension 

from 20Å to 3.4Å; 60-fold redundancy)

MR CC 0.85



Quasi Symmetry
T = 7 laevo

High fidelity 
hexamer 
symmetry

Canonical quasi 
equivalence

420 Sequence-
Identical 
Subunits

Core Domains 
(blue) of Subunit 

Superimpose

7 superimposed 
Subunits



E-loop

N-arm
A domain

P domain

Capsid Subunit

Lys169Asn356





Isopeptide Cross-link

420 per Capsid

Glu363



Chainmail topology
Meta-pentamers

(12 total)

Meta-hexamers

(60 total)





HK97 Morphogenesis

R.L. Duda (1998), Protein Chainmail: Catenated Protein in Viral Capsids, Cell 94: 55-60.

The morphogenesis of HK97 involves several metastable capsid states.:
1. Capsid morphological unit = pentons (5 coat proteins) and hexons (6 coat proteins)
2. 420 subunits arranged as 12 pentons + 60 hexons
3. Prohead I contains 420 coat proteins, 12 portal proteins, 50 proteases
4. Prohead II: 420 subunits of coat protein minus the N-terminal 103 residues 
5. Head II is the very stable, final state: molecular chainmail.



HK97 Procapsid II 20Å resolution cryoEM reconstruction 
Conway et al. 1995



Prohead II crystals

5 Å resolution data









# In vivo maturation is driven by DNA-packaging.
# In vitro P-2 is metastable and maturation can be triggered via many factors including exposure to acidic pH.
# Multiple metastable expansion intermediates appear sequentially.

P-2 EI-1 EI-2 EI-3 H-2

pH 7.5pH 4Lata R et al., Cell (2000) 100:253-263.

Acid-induced Maturation of HK97 Phage
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Isosbestic (isoscattering) points
suggest expansion is two-state



Whole particles hop over a single energy 
barrier
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